ABSTRACT. Parentage testing was performed in sixteen litters by canine artificial inseminations with frozen semen from different sires on Days 5 and 7 after the LH surge. It became apparent that only 25% of dams had superfecundation, but 43.8% of dams were whelped after insemination only on Day 5 after the LH surge and 31.3% of dams after insemination only on Day 7. Of the total 87 puppies , 46% were born after insemination on Day 5 after the LH surge and 54% after insemination on Day 7. This result strongly suggested that canine artificial insemination with frozen semen could be sufficiently successful also on Days 5 and 7 after the LH surge. KEY WORDS: canine, optimal time, parentage testing.
Canine ovulation occurs 48 hr after the LH surge in most bitches [2, 13, 19] . Ova are fertilizable from 60 hr (2.5 day) to 108 hr (4.5 day) after ovulation [18] . The estimated intrauterine fertile lifespan of frozen-thawed semen is <24 hr [1] and the sperm require 7 hr for capacitation [11] . Therefore, theoretically the optimal time for insemination with frozen semen would be around Day 4 after the LH surge [9] and Days 4 and 7 after the LH surge have previously been recommended [10] . Nishiyama et al. [12] reported that the conception rate from inseminations on Days 5 and 7 after the LH surge was at least twice as high as that from inseminations on Days 4 and 6. This study investigated which day had the higher conception rate when insemination with frozen semen was performed twice, on Days 5 and 7, after the LH surge. To discriminate the individual sire on Days 5 and 7 after the LH surge, frozen semen with a fertile lifespan within 24 hr was used and parentage testing by microsatellite markers was performed.
Twenty female and 8 male beagles keeping at the Laboratory of Theriogenology of Nihon University were used for this study. The ages of the bitches and sires were 3.7 ± 1.2 (1.2-5.5) and 3.4 ± 1.4 (1.8-5.8) years, respectively. The animals were maintained in an animal room and housed in individual cages. They were supplied dry food (Science Diet TR , Maintenance, Hill's and Corgate Japan Co., Tokyo, Japan) once a day and drinking water ad libitum.
Only the second fraction of ejaculate was collected by manual manipulation for use as frozen semen. The volume, concentration, color, progressive motility and abnormality were estimated in undiluted semen. The semen was centrifuged (500 g, 5 min) and the sperm-rich fraction was extended with modified TRIS-yolk-citrate extender, twice. The number of washed sperm was adjusted to 2 × 10 8 /ml with modified TRIS-yolk-citrate extender at 30°C and cooled to 4°C stepwise at -0.3°C/min in an automatic freezer. The solution was added to the same total volume of 6% glycerol-TRIS-yolk-citrate extender with an additional one-fourth at 10 min intervals, placed in 0.5 ml plastic straws and kept for 90 min for equilibration. The straws were placed horizontally 5 cm above the surface of liquid nitrogen fill in a styrofoam box, for 6 min and subsequently plunged into the liquid nitrogen.
The progesterone level (Spotchem, Vidas SV-5010, Arkray Co., Kyoto, Japan) was measured daily from the day when the proportion of superficial cells in the vaginal smears became 80% or more and the day when the level reached 2 ng/ml or more, was predicted as the LH surge day (Day 0). The day of the LH surge (Day 0) was finally determined by immunochromatographic assay (ICG Status LH, Synbiotics, U.S.A.), which indicated the most strongly positive day (1 ng/ml higher). AI with frozen semen from different sires was performed on Days 5 and 7 after the LH surge.
The 0.5 ml-straws were thawed in a water bath at 70°C for 8 sec. After thawing, the semen was examined microscopically and the percentage of progressively motile sperm was 50.1 ± 7.4% (40-65%). The semen gathered from 4 straws was adjusted to 5 ml with modified TRIS-yolk-citrate extender, Forycatheter (24 Fr, 30 ml, Creat Medic, Co., Japan), was inserted into the caudal vagina and fixed with a balloon (Fig. 1) . Semen was inserted into the Forycatherter with a syringe pump and pushed with 7 ml air in another syringe pump in order to insert the maximal amount of semen into the uterine tract. The Forycatheter was crimped with forceps. The bitch's hindquarters were raised for 10 min after insertion of the semen.
Parentage testing was performed with 16 kinds of microsatellite markers [7] . Alleles detected by the above method were typed, and then the sire of each pup was discriminated as derived from semen on the 5th or 7th day after the LH surge. If a discrepancy were found between a sire and a puppy, the sire was denied as the father of the puppy, if there was no discrepancy found between another sire and the puppy, the other sire was identified as the true father of that puppy.
The allele frequency of 16 kinds of microsatellite markers used in this study was 6.5 ± 1.7 (mean ± S.D.) (3 to 10) and each paternity exclusion rate was 40.7 ± 13.9% (15.2 to 63.6%). The combined paternity exclusion was 0.99989 (Table 1) .
Parentage testing was performed for 16 pregnant bitches (total conception rate: 80%), 8 sires and 87 puppies. From the results, it became apparent that 7 dams (43.8%) whelped by insemination only on Day 5 after the LH surge, 5 dams (31.3%) by insemination only on Day 7 and 4 dams (25%) by inseminations on both Days 5 and 7 (Table 2 and Fig. 2 ). Of the total 87 puppies, 40 puppies (46%) were born by insemination on Day 5 after the LH surge and 47 puppies (54%) by insemination on Day 7 after the LH surge, showing almost the same rate. Litter sizes (mean ± S.D.) by insemination only on Day 7, and by both Days 5 and 7 after the LH surge were 6.6 ± 2.5 and 6.5 ± 0.6, but that only on Day 5 was 4 ± 2.4, as 2 dams inseminated only on Day 5 each whelped only one puppy. The percentages of males and females to the total number of puppies were 51.7% and 48.3%, respectively.
Although the first succesful AI with frozen-thawed semen in bitches was after intravaginal insemination [14] , it is apparent that the whelping rate was higher after intrauterine insemination (71%) than after simple intravaginal insemination (29%) [16] . In intrauterine insemination, the transcervical method obtained a conception rate of 67% [3] and 69.3% [8] . AI by fibre optic endoscopy was reported to give better results (80%) than the Norwegian method [20] . Nevertheless, the stainless steel catheter used in the Norwegian method is not available in many countries, and fibre optic endoscopy requires expensive equipment and a great deal of practice. Intravaginal deposition with a commercial balloon catheter (Osiris, France) was reported to achieve a conception rate of 52.6% [4] and 60% [15] , which was obviously lower than those with a transcervical technique (73.6%) [4] , but the balloon catheter is available in many countries and does not require extensive practice. As we obtained a higher conception rate (80%) with the balloon catheter method, it will apparently be very useful for AI with frozen semen. In canine superfecundation, identification of the sire was performed by blood type, hair and size [17] , DNA fingerprint [6] and microsatellite makers [5] . We performed parentage testing with 16 kinds of microsatellite markers that had a combined probability of paternity exclusion of 0.99989. Parentage testing with microsatellite markers is apparently very useful for discrimination of individual sires involved in superfecundation.
Theoretically the optimal time for insemination with frozen semen would be around Day 4 after the LH surge [9] , but repeating the AI after 48 hr results in a significantly higher pregnancy rate and litter size [3, 8] . This can probably be ascribed to an extended period of ovulation and maturation of the ova in the bitch. The results of parentage testing showed the rates of puppies born by insemination on Days 5 and 7 after the LH surge were similar. Our co-workers [12] also reported that the conception rate on Days 5 and 7 after the LH surge was as same as that on Days 4 and 6. This study and our previous studies clearly indicated that the optimal time of insemination with frozen semen is Days 2 to 5 after ovulation [10] , which is Days 5 to 7 after the LH surge.
Nevertheless, we first respected greater superfecundency by performing AI twice as often as those in this study, which were only one-fourth (5/16). There was a difference in superfecundency between our results and those of Tsutsui and Ejima [17] who obtained 54.5% (6/11) with twice natural mating within 48 hr after ovulation. The reason is not clear, although it suggests a difference between AI with frozen semen and natural mating.
The pregnancy rate after performing AI twice was 80% (16/20) , whereas if we inseminated the bitch only once on Day 5 or 7 after the LH surge, it would have been 55 % (11/ 20) or 45 % (9/20). These differences in conception rates between performing AI twice or only once is greater than those (69%: 64%) in a previous study [3] , and the reason for this difference is not apparent, either.
The above results strongly suggest that canine artificial insemination with frozen semen could be successful enough on Days 5 and 7 after the LH surge.
